As type 2 diabetes mellitus (DM2), obesity and sedentary lifestyles are increasing in developing countries, this observational study investigated the role of physical activity on DM2 in Jamaica. Anthropometry, body composition (by bioelectrical impedance analysis) and glucose tolerance status was assessed in 722 adults in 1993 and 1997. Energy expenditure was estimated in a subset using measured resting energy expenditure in combination with self-reported activity recalls. The rates of impaired glucose tolerance (IGT) were 23.7 and 27.3%, and DM2 were 16.3 and 23.7% among men and women, respectively. After adjusting for body composition, a one-unit increase in physical activity significantly reduced the odds of having diabetes (OR ¼ 0.05; 95% CI: 0.004, 0.66), but not IGT. Hence, decreased physical activity is a significant independent contributor to the high rates of glucose intolerance in Jamaica. Efforts must be directed at minimizing obesity and increasing physical activity in developing countries.
In Jamaica, obesity, impaired glucose tolerance (IGT) and type 2 diabetes (DM2) are common, with prevalences of 24, 13.4 and 13.7%, respectively (Wilks et al, 1999) . Obesity and physical inactivity probably make independent contributions to the risk of diabetes in industrialized societies (Manson et al, 1991; Manson et al, 1992) . While obesity is a known risk factor in transitional societies such as Jamaica (Sargeant et al, 2002) , little is known about the interrelationship of obesity and sedentarism. As the morbidity and mortality associated with DM2 is significant in Jamaica (Figueroa, 2001) , it is important to identify modifiable risk factors in order to inform interventions. This cross-sectional study examined the association of the influences of anthropometry and energy expenditure on glycaemic status in a population-based sample of Jamaican adults.
In total, 1257 participants aged 25-74 y were recruited for a cardiovascular disease survey between 1993 and 1997 in Spanish Town, Jamaica using a cluster sampling method described previously . In all, 932 subjects from the original survey were enrolled in a follow-up survey to estimate the incidence of hypertension and diabetes mellitus. The protocol had ethical approval from the University of the West Indies.
Anthropometry was measured using an established protocol (Ataman et al, 1996; Cooper et al, 1997) . Fat-free mass was estimated using bioelectrical impedance analysis (Luke et al, 1997) . 722 participants underwent an oral glucose tolerance test to establish the prevalence of glucose intolerance as classified by the 1999 WHO criteria (WHO, 1999) .
Energy expenditure was estimated in a subgroup of 64 men and 103 women. Resting energy expenditure (REE) was measured by indirect calorimetry, as described previously (Luke et al, 2000) . Total daily expenditure (TDEE) was estimated by a modified 7-day physical activity recall (Ainsworth et al, 1993) . Activity expenditure by weight (AEE/kg) was calculated as TDEEÀREE. The physical activity level (PAL) was calculated as TDEE/REE.
The prevalence of diabetes was 20.8% (16.3% men, 23.7% women), IGT was 25.9% (23.7% men, 27.3% women) and obesity was 27.9% (10.9% men, 38.8% women). The mean BMI for women was greater than men (28.8 vs 24.3 kg/m 2 ; Po0.001), as were all other measures of adiposity. More men reported daily hard activity than women (24.2 vs 7.6%; Po0.001). No participants reported 'very hard' activity.
Energy expenditure and body composition
Persons with higher AEE/kg and PAL had lower levels of adiposity, specifically % body fat and WHR (P-values o0. 05, adjusted for sex and age). Thus, models with energy expenditure, age and sex explained 20-56% of the variance in body composition. For BMI, fat mass and % body fat mass, the decrements in AEE/kg are larger (Po0.01) for women compared with men.
Body composition and glycaemic status
There were significant positive associations between measures of body composition and IGT/DM2 (Figure 1 ). There were no increased odds of IGT or DM2 by sex. Separate multivariate models for measures of adiposity (controlling for age, sex and sex/body composition interaction terms) explained 8-12% of the variance in fasting glucose concentration and 16-17% of 2-h glucose concentration (P-values o0.01). Hence, a one-unit increment in BMI was associated with an increment of 0.14 mmol/l (Po0.0001) in 2-h glucose concentration among men and 0.05 mmol/l (P ¼ 0.0002) among women.
Energy expenditure and glycaemia
None of the measures of energy expenditure were significantly associated with glycaemic status, fasting glucose, or 2-h glucose concentrations adjusted for age and sex. The inverse correlation of energy expenditure with age was statistically significant (r ¼ À0.5; Po0.0001) and influenced the inference produced by the age-adjusted models. Consequently, in models adjusted for adiposity but not age, energy expenditure was independently associated with 2-h glucose concentration (adjusted Figure 1 Odds ratios (with 95% confidence intervals) of impaired glucose tolerance (IGT) and type 2 diabetes (DM) vs normal glucose tolerance (NGT) for a unit change in body composition measurement, adjusted for age and sex. %BF is percent body fat, FM is fat mass, WHR is waist hip ratio, Waist is waist circumference and BMI is body mass index. Odds ratios (with 95% confidence intervals) for having impaired glucose tolerance (IGT) or type 2 diabetes (DM) vs normal glucose tolerance (NGT) for a one-unit increase in the respective energy expenditure indices, adjusted for body composition. Waist is waist circumference, BMI is body mass index, and %BF is percent body fat.
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The rates of obesity, low self-reported levels of physical activity, IGT and DM2 reported here represent a dramatic and worrisome increase that bodes poorly for public health. There was a larger difference in adiposity among women even when more active and less active persons were compared. This may have significant importance for public health intervention, as gender-specific messages may be needed, emphasizing controlling both obesity and increasing physical activity.
Measures of adiposity and estimates of physical activity were associated with 2-h glucose levels and glucose tolerance, but age could be considered a confounder. This is consistent with metabolic studies which demonstrated that the deterioration in glucose tolerance with ageing is due to decreased insulin sensitivity induced by increasing visceral adiposity rather than age per se (Basu et al, 2003; Imbeault et al, 2003) .
There is some controversy whether physical activity is an independent predictor in the development of DM2, even though it is known to improve insulin sensitivity (MayerDavis et al, 1998) and reduce cardiovascular mortality (Stevens et al, 2002) . Two long-term clinical trials reported that exercise and diet therapy significantly lowered the risk of diabetes (Eriksson and Lindgarde, 1991; Pan et al, 1997) . However, as these trials had flaws in randomization, the independent protective effect of physical activity is not clear.
More recently, other trials demonstrated that lifestyle modification reduced incident diabetes by 58% (Tuomilehto et al, 2001; Knowler et al, 2002) . However, it is not apparent if it was the alteration in diet, physical activity or both that was responsible, as these trials were not designed to test the relative contributions of each. Our cross-sectional data suggest that improving physical activity in Jamaicans may independently prove to be effective in decreasing the rates of obesity and incident diabetes.
